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AERONAUTIC SYMBOLS

1. FUNDAMENTAL AND DERIVED UNITS

Length .......
Time .........
Force .........

Power ........

Speed .........

Symbol

Metric

Unit

l . meter ..................

t _ second .................
F weight of 1 kilogram .....

P t horsepower (metric) ......
}fkilometers per hour ......

V _meters per second .......

I English

Abbrevia- -1"

tion i Unit

m ! foot, (or mile) .........
s second (or hour) .......

kg weight of 1 pound .....

I
i

......... n,wscp ,wer ...........

k.p.h, miles per hour ........

m.p.s, feet per second .......

Abbrevia-
tion

ft. (or mi,)
sec. (or hr,)
lb.

hp.
m.p.h.
f.p.s.

IV, Weight =mg

g, Standard acceleration of
m/s 2 or 32.1740 ft./see3

m, Mass = IV
g

I, Moment of inertia=mkt (Indicate axis of

radius of gyration k by proper subscript.)
g, Coefficient of viscosity

2. GENERAL SYMBOLS

v, Kinematic viscosity

gravity = 9.80665 p, Density (muss per unit volume)
Standard density of dry air, 0.12497 kg-m-_-s" at

15 ° C. and 760 ram; or 0.002378 lb.-ft. -4 see2

Specific weight of "standard" air, 1.2255 kg[m* or
0.07651 lb./cu.ft.

,5[_ __/re a

S., Area of wing
G, O_p

b, Span

¢, Chord
b2
_, Aspect ratio

Vj True air speed
1

q, Dynamic pressure - _pV 2

L, Lift, absolute coefficient C_=a_

D
D, Drag, absolute coefficient CD _

D,, Profile drag, absolute coefficient CD.- a_

D,
D,, Induced drag, absolute coefficient 6_, =_

• D v

Dp, Parasite drag, absolute coefficmnt GD,--_-_

C, Cross-wind force, absolute coefficientCa- C

R, Resultant force

3. AERODYNAMIC SYMBOLS

i_, Angle of setting Of wings (relative to thrust

line)

i,, Angle of stabilizer setting (relative to thrust

line)

Q, Resultant. moment

fl, Resultaat angular velocity

, :Revnohts Number, where l is a linear dimension
Pu (e.g., for a model airfoil 3 in. chord, I00

m.p.h, normal pressure at 15 ° C., the cor-

responding number is 234,000; or for a model

of 10 cm chord, 40 m.p.s, the corresponding

number is 274,000)

Cp, Cent.er-_,f-pressure coefficient (ratio of distance

of e.p. f,'mn leading edge to chord length)

a, Angle of a.ttack
,, Angle of d,)wnwash

ao, Angle of :_tack, infinite aspect ratio

m, Angle of attack, induced

aa, Angle of attack, absolute (measured from zero-

lift position)
% Flight-path angle
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[_.V ?tlIF: _II,VI'H{_TEIN l|'Ifl 1{. (_. ('IITLIf'K

SUMMARY

,"ll_ ;l_re._tiC.lati,m ,_a._ c,mducted ;l_ the N. .I. ('. ,d.

full-,_cale _l_iml tu_t_tel t, determit_e the ffrouml-hamtlh_ff

iorce._' on a l_.-._'cale m,del .f the l ". N. ¢t;rxhip ",l]¢,"on."

(;e'ou.d-handl;n¢.l cuIM/l;¢m,_" _l_ere .Mmuhtt¢.H b!l _.,_'t¢tbl;._'h-

im.I a reh,cit!t gr¢tdi¢,td ¢tb,,re a XlU,C_¢tl ¢.lr.und bo¢trd in

the htnt..I comp¢tr¢ttd¢_ m_lh theft ¢_m',mtd¢'r¢.d orer a him/-

in[l tidal. The t,_xt._ '.v_r_ , r.m/.,'t_'d ell Ib'gn.hl,_ :\:_lmberx

ral_elin¢.l /rom ,';,O00,O00 t. I!t,0¢)0,00¢) ¢d _¢tc/i q[ xLr

at_gl¢,x qf !lcru_ bc,hm_en 0 ° ethel l,h'¢J° and al.four he;e.lhl,_ _!1

the m,,del ab.r¢_ the ground board.

7'h¢' 9r,,umt-h¢Imllh_g.forc_',_ rar!l ¢.lreatlff _.,;lh the angh,

,![ t/¢tm ¢lu¢/ rc'¢h'h ]ctrfle r¢tlltt, x ell appr¢,c;ctbh, anffle.; if/

!la'tr. ,_mall ch_tm.le._ in h¢_;c.lht, pitch, or r.ll did n,,t

cr;t;call!l ¢tlf¢_ct the.f,,'ce._ .t_ the modd. In the r¢tm.le ,!f

_round b.rd, _,nd _it air slweds from 2S 1_ I0(1 miles

per ho,lr. Sov_,r_,l ._poci,I c,mdition._ ,,f pih'h m_d roll

were _dso investi_ai(.d.

WINI) "FUNNEl, AND EQUIPMENT

The wind lu.m'l used for lhe_{' tests is des('ril)od in

rel'erenco :_. The tunm.I w_,_ m_,dillod by the _,hlition

_q' a l_orizont_d _'r.und b.rd, :_I feel wide, Io simu]_|_,

the hlndin_z liohl. The b.rd wa_ instii]h'd at the level

of the lmver surf.me _1' lho ot_lt'anco cone, nmkJn,_ :1

e,mlinil,,us Sl,l'l'l,('e with lh,' (',11,';,11('o <'()11o _,t,I oxlellll-

lg¢_ffmdd., ' ,\'nn_bcv'._ l_",'.'l,"d, .'m .'.';fin _[/irunl r,vr;¢tt;on ,!f the [
I,,rc,,_ u,;lh tl, r ,,'r.lr .',t._ d;,..'l,,._d.

INTI_O1) U(THON

At lhe roquosl of tim lh_l'.u of Aoron.utic_, Navy

I)el_arlmont , art invesli/ali_m v.:,_ ..ml.ctcd in tl.'
N. A. ('. A. I'ull-s.l,' wind I_nm'l 1_ _lolol'mi_m Ihe

_rouml-h.nlllin,.z t'orcos on . ';,,-s..h' m.d_,l of lho

IL .%. :,irship . ltv'.n.

('.r,'ehlted dat, a _m the f.rces and mmm,nls etwo.,_-

lered in handlin_ _fi,'ships near the _zrmmd have not
been .vMlabh'. t'rovim,s work of _ simih, r mlture

_.ondu.tod .t h_v Reynohls Numbers h_s sh.wn con-

tli_tin_ ro_ulls (rel'ercnce_ I ..d 2). A_'lm_l handlit,_

exp(,rion('es wilh the large _ir_hil_ have ._h(nvn _ln(h,r

some co,|diliorm lho existenue of exlre,m,ly lar,_e t'_wces

_nd Inomenl,_ lh_l m_Lv emb, n/er lhe _fir_lfip u.h's,_

properly anti_!il)aied. Tho lwedi_qion .f lhe m.me.'iea]

v_lues of lhe handlin_z forces l_y wind-tunnel res.reh is

not satiM_wtory .win_z Io the rehilively sm_ll size of

tim ini_del._. 1( was believed, however, that lho ':i,_-

direction .rid lrend of lhe forc0s 1o be prodieted.

(h'ound-I.,ndlin_ c.ndili_,n._ were closely ._imuh,10_l

board comp,r_lbh, _vith lhat onemmtored ,vet 'l 1,ml-

in_ field. Te,_ts were m_tde _t _ix :,n,.des of yaw belwoen

0 ° :_n,l lS() °, :,I f_,ur t,ei_hls of th(, m(_del :,l).ve lhe]

l_'ltll V,E I 'l'h*! i:ll)-sl':ilu ]II¢t_]P[ of lhl _ _ _ ail'>ilill .ll, rol_ iffl _rrlrlrll[ I_Lr'_I rll (J'

iI_ lo willfin _1 few t'eol of llw exit COlin. I"i_urc I

shows lhe modol in posililm above the _zround h.rd.

Forces, moments, lind velocity distribution _lt_m,t the

model wl,re m.sured _vill_ lhe _tnnd_rd wiml-tunm, l

equip/re,hi. The model was St_l)l)O/'ted by fore' struts

project.in_ throwgh the _zround t)o_rd and rigidly _,t-

tllch('d l,t. their lower ends to tlle flontin,., fl'lllllO of lho

Iml_m('e (fi_Z. I). The portions of the S|l',.ts ('xten([ill_

_,l)ove lhe _zround bo_,rd were shielded by slt'e_,mlino

fifirin¢_ i_ 01imim_t0 t,r0 force_.

Smoke xwls used t. show the flow of _ii]' over tho

mod.l. The smoke _v_,s _en,'r_,ted l)y 1.,ssin,_ kor(>sem,

1



2 REP()RT NATIC, NAL AI)VISOI{Y COMMITTEE I:()l{ AERONAUTICS

>.t,/ ¢oil...a ,,i,,,'t.t t,hro.<:h
tub(s into th( .Jr slr(.mi ¢l sh()vt dist,nce nht'ad of tile;
_,uodel. Pictures wore t.l¢(m (.['lh(, Ih)w with a standard

movie (',m(,r.'l usin_ 16 millinit'tor filJn and taking 16
fl'_l.(llO_ II S('(!OII(|.

MODEL

The .llr:'o, .Inodel l)revi()uslv, test(,d iu the propt'lh'r-i

res(,:lr(.h tmmel 'referen(_o 4) was fitted with t]w Nlnrk i
I! fins and control surf, co,< The re.d(,1 is of hollow!

was not eXl)(.diont t,o testwith,, more than one velocity
grndi(,nt s(_ that '_ rel)rcs(ntative gradient obtained in

to:ts at l_,nu'h'y l:Md (r(,ferenee 5) w,s ad(q)ted. This

.'ef(u'ence vt,h_citv gradient indicates th'lt the averuge

increase in v(,h.'iiv with ]leight hi)ore the vround is pro-

porti(ul,l It) IM, 1,'7 1)ower ()f the height (l'oeh _:) or. in

term,_ ..f t].,(lwi,uii(' pressure, qocD'":. Thi-_ vehwity

gradient is simihu' to |h:lt in the boun(hlry hty(,r of a

flat l)lal,e im, n(u'sed ill tl. turbulent stI'oi/Ill ;it }li_}l

wood (',instruction ,)f l)olyg, mal .'r.)ss section with 3(i I{eyn(dds Numbors and may })e ('()nF.idered :is the niost
sides ow, r the fore part ()f the hull fair(,d into ')4 sides pr.babh, ...q',dion(, over 't fiat landing fiehl free or ob-
ne.r theslern. Thesurfa('(,w:ls r(,fiuished so as h) be structi_.ns.

I

comparable with w(,ll-d.l)Od f.bri('. The 1.'int'ipal

diuwnsions of th(, model .iro li,_t(,(t in the Mh)wing
tabh':

dishm('e l{ :l(liti_-

[rolii HOSO ' (,Jl'('llHt-

to h)tal :q,r'ibe,I

h,n_t It (.itch, !

n.; L lm'hcs

t) 0

•02 I. 97,

• Itl I L XqJ

• 15 ItL d5

• 2(] D, :I!_

• 3(I 19.6l

• 35 19 '_5

• ,Iit 19. !Ill

.45 19, U_I

• 50 19 _tl

,55 19 5tJ

.#;0 19. I2

,(;5 I% I_;

• 7t} 17, 511

.75 IfL 15

.s_l 14 II

.',5 12, 2_1
• _8) !L t;l

• 95 I;. 52
I. {lil (I

Leili_th, 1'L62 ft.; ,,_dlillu!, llS(ql ff.; i,+o1,2 _ 2'¢ _;2 _,, fl ; (_I)rll :l, t.wa; ft.; c(ql[Pl"

O[ 'f)tlOy_/llt'y, /L=I) It t.

VELOCITY GRADIENT

One of the import:rot vnrinl.h.s affecting the airshi 1)

hundlin,: for('es is the gradient of th(. wind vt,hwity with
height Id)ove the landing field. This vehwity gradient

is not e(mstnut 'rod (h't)ends lnrgely-n the terr.in .nd

the weather conditions. In tit(' fire-;ent inv('stit_ati(m it

A " ,'? 7>'_(?_ t'G'7 Q' .

L,"

q - tt :"

The v(qc,('ity at 200 feet, above the /round w'ls

.rbitravilv cl...'n .s a reft, r(,nee. It c.)rresl)onds to a

twi_hl ,)f 5 fe_,l "lb()ve the _rmind board for tho m(,(M

l t(.si_; (',msequonlly nil veh)('ily ('Oml)Ul.lim_s nre I)ascd
',m lhe v_do(,iiv at thisheighl. Theg'radients:tsrepro-

st,nted hy (t.. foregoing relation and as determined

from the veslllts of dynamic-pressure surw.ys for l,he
l)osition._ ,r('uliied tiy lho mode| are ('onllmred in

[i_'ll i'l, '2.
(?ORRECTIONS

Tile ri,stllls _ere c(,rre(:te(1 for the t)loeMng effect (>t'

the lllli(l(,l Oll l]lo llir streil,il. (_ee rof(w(,ll(!e ().) ]lillS-

lll/lt']l ilS the Jiil)dP| WilS slllil|] in lirol)ortioil to llie size

of the jtq, n,i t llllll('|-})Otllldl/l'3 (_ol'ri'l'titHls \vorP applied
to the {llltll. _ur\'cys showed tho vilritlliOll Of the

Miltil: t)rl,'._s'tirt, over the |engili of tile lll()d(,l 1,() t)e

nelztig'itd(', lhi,l'('forO IIO ctirr(,etiolls for Sllltit'-l)l'OSSltl't!

grlldiont were innde.
TENTS

Force tests. The lifl, (|rlig, and cr.ss-wind for('o: lind

tit(, pitrhinT, i'_dling, illl(t yilV¢iilb_ . ().ill(,Ills wlq'0 !iioas-

ured for fOlll' lil'iglits , 25),_;, 27, 2S)_, 811(1:_Jll_ ill('hes, (if

the ln.dei V('ili('T line above the ground board ([ig. 3).

These lit'iThls ,',.,'live (+l(+:<ti'tlll('l+s bot v<e(,ii the gi'lillrllt

|)liill'l,| illlll lht' llt()dol nt l|io lll_lXiJllllSli (t]_lillt,lpl" (if ;_.I'_,

7.1, S.G nnd ll.lihwhe_, resl)eCtive[.v.Tests were

.re,de.i e._'h I.,i_ht,for t,h0folh>\vingsix ,ngh,-_of

yaw l'elnlivo to the wind: 0 °, 3n °, U(I°, 9(I°, lX(t °, ;lllll

Flt,l lie 2 \'t'llll'[l,_ 2ri IIPIII f_)I" -rollil_t-httltll[ill_ ll,41c rl[ tJtt_ I It] ,:'Lit' L_v_

j,
/

-i ( , _J

. ,2 -- *. ( . :<: /c.,U

-: &9

i In( i - dr>hi D .It:ran
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210 ° . Th(, nngl(' ()f ynw of 2l() ° instentl ()f 15() ° was

used l'.r ('onv(,nien('e in it,sting The magMt.udes of

the forces _md m(mwnts _lre obviously the same for the

two ,mgh, s but the dir(,(.tion is Ol)l)()site for (he cross-

wind force _md the r()liing nn(l y_lwinff i|l().)nelltS. ]¢()r

the emnlmrison of the results, t.he c.o(,tli(4cnts for 210 °

3

F'il<qfi),g-m()n,t.nt e()eltiei(m(,

(+,,=lJitehing nmtntqlt about C. B.
q(w)l>

Yawing-morn(rot e()(dli(riett(,

(, :y+_win_ nlonwnt ah()ut C. B.
" q(yol)

in whi(.h (yell is the velum(, of the hull in ('ubie fe(,t
yaw angle ('onvert('d to 150 ° vnw.• . were , , . .... . , ..... nnd q is the dynamic 1)ressur(' in 1)ram(Is per s(tunr('

At {lie 2_!;_-111('11 ii(,lfflll_ [(,SlS we'e I11 i(1o Wltll ill( ' ' - r "..... " - • -" .... o -', I foe( _Jt a ])omt ;> fi'et :,l)ov(, lhe round 1)(mr(I, whwh
model rolled (() the rlgh( lhlt)ugl _ n _ngh, of 10 ",vl u( . . "" •

.... o - ( ..... , ..... Ic()rresl)onds to 2011 h,et ,I)ov(, (h(' Iz','ound for lh(' lull-
yawed at angles el :'H) and ,)1) . 1 he (fleets ot snn.u_ [size ,drshi_) When ni)l)lvinff th(, _vin(1-tunn(,I ,'es _lt_
nn,_,'les of I)itvh were obt_ ir ed t)v 1)it('hing the mo(h,l _ '_,' ' .'" . ,. ., ' .' , .. . • , ,) ....

" ' ' o . . " . , ] [o l..lle i|cl.tlal Hll'Slllp:, II (" \viii(| velo('llV ll[ 11 1)1)1111 _u(!
9° nd --') It,, 1'" the f()rccs and moments were
- .t - ( " ' )' ' I feet 'lbove the groun(l sh(mld be used ns u t)ns_'. All
measured for the ()0, :+()°, and 18() ° ynw 1)ositi<ms. ]m<m(ent coelti('icnts are presented with refere,.we (o

For the tests with the m<)(h'l in roll, the I{evn()hls .........

Numbers ,'_,n=edf,'()n,5,000,()()0(,) S,()O0,O00. All r"'(/i,:)i)(t_na):i'7':,'(t':(£,:'It(;`'iil(_)r(,se,,(edi,,thei,"si,,,pl('st
other (est.s were made nt t{vvtmlds Nu.tnbers rtnging',. .' .I ' ,. . '. ] ' . _ . ' '.

• IOl'lll lit Ii_tll'e ;_) tl I[hl'ee-vl<+W (|l'ttV¢lIlg el |h(' ill{,tlSllre([
from 5,001),000 t() 19,0()(),()(}(), which correspond t<) nit

._+i)eeds fJ'om 2_ t() 1()() miles per hour. The t>_eyn<)hls
Nunlber values +,re bn:(,(I on the h, ng'th of the hull,

Reynolds Numb(,r pi'l

nnd arc 4.04 times those bnsed on (vol)!_+, which have

been used in a. lltllllb("l' ()f nirship investigaliot)s.

Smoke flow• Mot.ion pictures w(,re taken of smok('
llow over s(;v('ral se(q.i()ns alert/the model for rill ang|es

of yaw with the m()<h'l 28L; inches nb<)ve the groun(t

board. Enlarged prints (tig. 4) illust, rate the. tmture
of the flow.

W_.ke surveys. ,'qurveys were matte of the dynnmic

pressure +m<t tot.d head in the liehl of th(, m<)del when

yawed 90 ° 1<) the wiud.

RESULTS

The results of the force tests m'e presented (ligs. 5 t<)

24) in the form of n(mdimension'tl coelli('ients deline(l
ns folh)ws:

Lift c.ctticient,
lift

(/L = q(vol).,,:_

])rag coeIti(..icnt,

(',s'= drag 1)ar'dhq tt) wind axes
- q(vol)£a

l,m_git udinal-fore(' e()(dlici(m(,
f()rv(! l):tr,'_,lh!l t.() l()ngitlMi)m.l hody axes

Cross-wind for('.(_ c()elti(d(mt,
(:ross-wind f(:,r('(_

C,ss= q(vo[

Cross-force c()etliei(mf,
f()rce nm'tn'd t() longitudin'tI body axes

('Y= q(vol)2 a

Resultant-force eo(q'fi(q(mt,

, resHlt:_id ft)ree

(.v= " q(vol)ea

l{()lling-moment coeflieimtl,
r()lling, nmtntmt :d)out C. IL

(:t= qivol)

/9' 7 '_z"
[

..... _,/¼,, ;

po.s//lb:_._- - 13" I1_'"
I |

f-r'on/ sup, oo:/ ReoF ,suppov/

GS"__2ap//c_- -_ ±: : ; : -- : .__
2op//ch '

I"IGI RE 3 l'ositions of lht_ ah'shill lllOdCl rl'l:ll ire lO lhe gr(}ltlld board.

r(,sultant-force vectors on the nirshi I) for tit(, nnglcs ()f
'aw that were tested f()r '_ single height of the m()(h,l

al)ove the ground. The ve(,tors nre |o s('Me and show

the magnitude and direction of the forces nnd the
moments about the three eoordin'_te nxes.

Lift.--The mensure(| vcrti(,'_l forces on the airship

model were positive, or upward, for the enlire range of

angles of yaw tested and for nil heights of the model

above the ground plane (fig. 6). The lift coetlicient is

negligible at 0 ° angle of yaw but, increases with _mgle

of yaw and renehes a. mnximum ,t an 'mlzle of at)out
60 ° to the relative wind. With increasing :ingles of

yaw from 60 ° the lift. decreases rnl)idly until ,_t 90 ° it.
has a small positive value. In the angle range I)etween
)0 ° and 180 ° the lift decreases slowly and ahnost

miformly and becomes negligible again at 180 ° yaw.

In the scale range investigated the lift showed only

a small variation with Reynolds N'umber for the 0 °

nngle position but, at the 90 ° yaw ungle, decrensc(| at
a smqll l)ut constant rate with increasing Reylml(ls

Numher (figs. 7 nnd 8). 'Ph(, lift vnri(:s nl)l)r('('i:d)ly

with the height ()f the model nbove the ground l)hmc;
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hmvcvcr, lhe results showed t|iul, there wore no crit.iell]

hciThts hi the l'i/illy, c invcstiglil.ed. The lit'f_ on llle

illOdC] ill('l'CliScs its {ho _rOlllld l)lllil'(I is il[)l)rol/chod

(li 7. tl), silowiII 7 i.hc 71'CllteSl. ilbslillliO ill('l'OilSC Ill

iibOll{ 60 ° yliw _.il which liiiTh, the lift is hilzhest , bill

shmvinlz the grcllt.cst. ])el'ceiilliTe illcreilsc ill the illiTl(!

l'lin_c between 90 ° liiid 1_0 °. l{olliil_' t.he lib'ship 10 °

iliildt_ J'lo lil)l)rceilil)h, ohiinlgc in the lift (fiT. 9).

und is rehtiivl,iv tililitt'ecfed by tiny ,if the clilin_cs in

niodcl hcilzht ill' roll (filz. t..2).

The ell'e('i ()f srlilc (}I1 iho hingit.udinnl flirce is I'clil-

livi,iy ililiJiilllll'llllii in the ]{evnohls _<uliit)l,l" l'ilil_C

test(,(l its i_ siiirwli in Iigllrt,s ]" ilild ,_4for the l} ° tilid !}(1 °

tillTh'_ , i'esi)e<'l ively.

0ross-wincl force.- Like the dl'llg, the t'ross-,,vind

force slimvud very little e]lllllgC with llny of the viii'ill-

ff_

0 _ J

LDt)-ect/or7 \

of wJ½d \\

617 ° _- - 30 _ _ -/
#

#esuttor7/- for ce coeff/clerT/5 s_ X- Y ptone

soo\ so=

17e_ut/oi_/- force coe/f/c J_'_/5 it? X-Z p/one

C_,_. = _/IQ) _7(C_1_

30_t l t50 <"

/'-150 o

CR _0,2

:'7Cc:;,_: <,/ vecfor-s. [<_-_

SdG,'_ oi _2,_tgnce, f/.:O 2 4 6 8

c7
,'l"fo,,_,e,,=_ ode £i,,cten/ = (Vol.)l, * × I dislonce in _._3., ft.

30 o i.i -_60°

________'-- /50 °

l_esz,,i/o,,t/- for-ce coeff/c/ef?¢s in Y-Z p/one

]+'lilt I_E D. 'l'hree-vitm tlr_l_,_,in7 slio',;ili; r0_,llll_llll f_lrl,t,_, till 1]1l _ l,'10-sc_l]0 Inodt.1 of the I', _ :lirMiJl_ lt, mtl. .Model 2<k! illt'ht,$ :it._o',0 tz.rutind blJard. ]{e) ilol+lf4 .\lllliher.

lti,[ll)0,(_ilt

])rag.- 'Flit, dl'lig cocJtieicnls wilh ret'crcncc in tllc it.ions in ln.del height, I)it.ch, or roll (figs. 13, 14, lind

wind lixis incrclisc ilS the "intzlc of yilV¢ illcretlscs lind 115). In the l'ilIl_0 of lin7'los liCill' 90 ° VllW (f]_. ]4) the

rcll('h l/ inllxiliiuln with the liirshill Ill 90 ° yiiw. The i

di'llg Clii've is lilliiost _)-niiiictric_ll lil)Olit i,hc 90 ° oMi-

nllto, lin(t the drllg coetlhqcnl; drol)s to li vuhlo o[ libout

0.030 for t)oth the 0 ° lind IS0 ° tingles (fig. 10). The

]lcight (if the model lll)ovo the _l'Otilid l)hinc ])roved to

be tin llllilnl)ortlint vllrilttilo in t.liu di'ti_" cxeci){, in the

i'lin_e of liil_lcs liclir 00 °. At the 90 ° lingic the drllg

is lmvcr for l)ositions closer lo the bolird.

The |ono'itildiln/1-forl,c ('o(,flii'h,nt (fiT's. 1l lind 12)

chliilTCS J'roill il siil_ill positive vii]liC lit [) ° t.o il rlithor

]lii'<_'c, lie<A'lliiVe (it' stcril-lo-t)(rw t'orcl, _il 90 °, l.hc tr_ili-

sition t'rolii l)ositivc to neTiilive I'(ti'ce occllrrili7 ill.

llboul_ 30 ° yaw. "[tie cttr'<0 is essentilllly syniniet, riclil

cross t'.rre (I,.dy llxis) ('lulnTes with niodel ticilzht ,

iiicrelisiii/with the grelitor disiluice froin the bolu'd.

'['he ci'l/ss t'orcc showed 'i ff, l'Cilt.el" vliril/iioli with i he

l{eynohts _'llilil)ei" tiilin did _Ile lonTitudinlil force,

di'oppin 7' off ilt the lower vi/lues t.o tlboul 8 percent.

below the value for t,he high l{cynolds Nuillbcrs (tilz. 81).
Pitching moment.--The pitching nloliieilt. Wils not

critielllly llffected by fln,v of the "viirilit.ions isi lnodol

]lcight, pilcil,(,r roll, ilild the rcslllts (t]i5.s. 16 lilid 17)

iigliili shiny lhli[, the efrccts of thcsc viirilililcs were

rehiiivl,ly lliiilit])ortlili| el)fill)ill.ell wilh llie CIllinTes

in the liilriiili7 ' iiuuiienl for snlltl] chluigcs in the uiiTlc

of y_lw.
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 tiil I1 [l[i:kiL
0 .90 60 90 IZO 150 180

Angle of yow, dcgrees

Fmvl¢l< 6.- The variation of the lift coeflh-ient with i_nglc of yaw, angle of I)iteh,
_liid height above tile i_lflilil(l board lit a Reyn[_hls Nunil)er _lf ]6,(l(X),01_,

0 2 _ 5 8 I0 /2 14 16 18x I0 _
Reynolds Number

0

o

,,. J .

• " : 7
i

6 8 I0 12

Reynolds A/umber

I I . . .
t4 16xtO _

FI(;I:R_: _.--Tlle v:lriatioll of the er.ss-forco cootlk_ient, lhe lol).!zitlldinal-fort'e t:oetli-

t_ient, alld the lift t_liellitqelil with tCeyiiiihl_ NuHit)er. 5,1o(lel _il 90 ° y_lw.

FI_iUItl.; 7. The variation of the pitching-litolnent eoellicienl, the longitutlinal-foree Pll;l!ltl¢ 9. -The variation (if the lift coefficient with angle (if y_lw, anglo of roll, and

coetlicient, and the lift coellicicnt with l{eyno (is Nuniber. Model at 0 ° yaw. height above the ground boaid at a Reynolds Number of _,000,000.
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'l'lle ,,'avi_liio,l_-', (,f ll.' piichi,_ j,l.ment xvitll the ;]. {)ri_i,I of m'_:Jti','l' .]' _ieru-t(,-bc_w io,,_iiudim,1

lh,ynohl_ Number wen' s.lall ;Iml h.'_msi_tenl _is _l.)w]l l'_Jrce (>tl _lir_llill m_dl'l _li !)()° y:lw.
by figures 7 _iml IS l'_r the I)° _ind !I0 ° yaw l)ositi_ms, i 4. ('o.Ulll_Iris(m of the drae result_ on the .|I',,,.

• pnchhl_
respectively. .model ab<,ve the _t'otmd b_mt'd in till' ftdl-seale iunucl

An hltl'w'stiue re,.'erstll .f the si+n .f the " with lhose me:ism'ed in the 211-l'o_>t tmnM ill free-+|iv

m.mwnl (_ccun'_ ill the .v;iv,-anFh' i_in/e l,et,,veen ;_()o,

and it() °, the llitchinF-.ul(_meni c(_ellicienl cMrt_inF
from ab,>ut - (!.;_5 _t ',_I)° t_, 0.55 at 50 °.

'/awing m0men.t. The y;lwinl_-moment ('oeflicients

For _lrl_les (>I'y_:.v ill the l'_Irl_'c l_et'.',een It° and 60 ° are

_)nd 2()). The effects (if .model height nve mlimport,'.tnt

except in tlm an<eh' r:in_e between ()o and (iO°, ,,vlmre

the moments _re sm_ll. The effects of roll _ind[
• . - rllm'h nve also r(,l_tlvelv Imnnl)ortlml. Phe vara-j

lion with lievnohls Xt_[nl)er is ,_m=lll (fi/. IS).
Rolling moment, lhe r(dlin_-mom('nt coefScients 1

nve ahl_ost zevl, for the full ra_l_l, of the tests, and none
(>f the v_l'iati.ns in m.dcl height, fitch, roll, or Rey-,

nohls Nu.ulbev sh<:_v(,d anv m::vl.:ed or ::l)l)reci:lbh'

effects (ti_s. 1,% '21, and 2'2).
Wake surveys. The dynamic aml total pressures in

t,he v,nl,:e <,I' the ,irshil) at !)()o y_w _ir(, llresent,ed in

li_ul'es :?,'._atld 24, i'esl)ectively. The (h,_d-w_llu' size

varies with positi(,ll llhmg' the hull nml is hlr_est
behii.l the t_lil :url'_i.e_.

DISCUSSION

The test results presented in figures 5 t_ 24 _ive

directly the .ule_isllred l'(>vces :_i)<l m_,m('nis (.n the
I/4()-scale _lirshil) Jnodel for the c.n(litions tlmt were
tested. It, is desir:d)le th,t s_,me uu_h,vstnuclirl_ be

_d)t,ained of the .ri_in of these forces and the torture

_>I'the lh)w _iboln the airship t_) aid in the blr/e exlra-

l_()hltion or the meilsun,d vcsults to Full-scale Ih,ynohls

Numbers. An attempt haslh('ref(l]'e been madein t|)e

tired|lions.

5, l_lellson for the reversal of lhe llil('iiinT-ni(tJnenl

coetiicients <if tilt' iil(Idel in the ynw-lingh' I'illll£l' i)et,,veen

',<_(I° illld lilt °.

6. '['he lal'Tc yawing lii(illielits encmnitered lit lai) °

viiw in (.(tlllrllsl t(i the rehiiive ineffectiveness of lhe

vertical tail Slll'fac(,s lit lit|Ties of viiw I)otwel,il l) °

lind lit) °,

Origin of lift 0n airship,--in lhe linlilysis of the fh,w

lind the iiel'Odyliillili(' foi'('es Oil t:iie liirsliip the liiodel

hits lieell consider0d |is divided into ,_ections (if Ilnit

lenTth of simph, _ooJiieti'i(' form lil)oul which tile Ihtw

Jllily |te predicted. Tlni_ lit, s.nllill anglos of yli',v, sec-

ions throilTil the liirshill Illirlllh'l to the |'ell|live whi(t

hlive 1)rolih,s :iliiihir to thicl_ S Villllieli'icli] lih'f, ils;

whel'elis lit. lill'_er lili<_les of yaw, l|le_e se('lioli_ I)lil'i/ll('l

to tile wind ilro deforJiled into lll)l)l'oxisillllelv el[illiiclil

:lili])es t.iilit |)e('oliie circles Ill !)1) °. The tlows ip,er

both l he :yJnlneli'i('li] airfoil seclions nlid l]le tlhill'

ellipth, al ||lid ('ii'('illiil' sections tire well kliOWll ||lid ]iliv(,

:)e(,tl the Siliije('t (if ill|lily l)revious investiTnlimls. Ii

hli_ I)ee.n showii l,hlit to obtain li lift froin l, he_e set'lions,

i. e., the .iirfoil or ch'cuhir sections, it is re(lnh'ed that

n oh'cubit.ion exist> th0 circulation nilinifestinl£ itself I)y

i different volocith,s lind preps|ires over the |lotto|its nnd

lops of the 1)rolih,s.
The existellCe of I1 lift (ill the lib'shill model therefore

indiclites a circullition lil)Ollt the sections lind, illliSlii ucil

iis tile llnl£1e (if lltlilCk of tile pl'Oliles ix 0 °, the enlir(,

cireuhltion |lilly |te litti'ii)uted to the interference of

the 71"otiild bolird nlid 7round 7rlidient. This Snllle

folh)winl_ lit||'till'Ill)Its h) analyze the /(,st data nnd the (.Olit,hision is obvious front the syninielr.v of tilt, liio(te[

gOliei'ill I)i'()|)leln witi_ a view to del.ei'Jniilili_t" the ilalnre lit/d, hi the li|)seii('e of li _i'Ollnd phine lilid velocity

of the tlow lil;U)lll the uh'_hi I) when ildjil('plit, to ihe!_i'lidient, no lift wonid tie expected Oli tile niodei.

71'(tllnd niid t(i i)l)liiin SOil|(' concel)lion of lhe lil)pli('n- It is t)elh, ved that the i'e_ultlinl cir('lllniion produ('in 7

t)ilit.y of the i'esnlls t(i the full-size airship. These
flllidtilileillill coli('el)lioliS liro llSllliily pl'(ivided t)y file

theol'.V; however, tile ('otnl)h'x inlt, i'llcli(in (if the effecls

of l,he _'i'Olllid _i'lidienl with lli()se of tile 7"r(nln(I-I)lline

ilitorf(,l'eilC0 liilil4.es lilly llieoreticlil treillillelit without

innillnerlilile liS:lilill)tiltiis vl,ry diflh'ult, ir not: iliil)o._-

sitile. The ili(llillli i)i('lllrl's tlikOli of lhe sit|like Ihiw

ovpr lh(' liiodel, li few fl'itlll(,_ of which _il'O I)res('iited

in tiTiil'(' 4, 71'el|fly ll_si>;led in lhv fl_w linnlysis.

Tile Mlhi_vil;7 llrolile.lllS Ill'(, ('onsi(t('r('ll io lie of

[inrli(.illnr inlerpsl niid ilnl)<_rllili('l' and _ill lie (lis('llSS('(l

ill the Sli('<'('('(iill 7 ptll'tig'i'tlli]lS:

I. The S(tlll'('e (it' the llOsilive lift in7 f<lr('e (ill the

lli()(t('l.

'2. 1)ossit)ilith's of extral)ollilin _ the lifi resnlls l(i

l{eynohls Nllllil)ers of the full-size airship.

li verti<'nl force iiili.v lie conlril)uted fl'Olii the tln'ee

folhlv,'in_ _o111'('0_:

I. ('on{l'n('ti(in of Ihlw I)etween niod('l lin(I 7r(lulid

lOOlil,d,

7. [_nsylillil(.tricli] tlow iri the wl/l<e of the niodel

dne to lhe _round-bonrd restrnint.

3. l'nsyninietriclil pressure disll'ii)nii()n itVt, l' toll

illld t)oltoiii (it' lliodel dlie |(i till' w, hwity 71'lidielit.

The (,onti'n(.tion of i]ie thtw t)l'tWeeli the |lit'shill lind

llle 7i'onild I)oni'd lll'(idli('es lower lli'('_+_41]i'('s ()ii lhp

llotloni side (if the niodei with il rt,snlillnt dov,n',vlii'd

()i" lie_iltivt! lift, which ili('i'ellse._ |is the model lil)proli('he_

the 71"onnd. Tile inllTnitlide o[ this elt'ect lill.iy t)(,

the(ireticlilly ('oil|jill|lid (I'CfOl'Ollce 7)liSSllllliIl 7 tIO1eli-

till| Ihtw over tile ni(idel and no _i'otiiid grlidieiit. For

this calculation t,he _l'OllIld pit|no is replaced bv a
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l'(,th,eted i11mg(, of the m()del ill th(' ground t>hlvle, lt_) hi, ,_rll_tlh,_t r()r the 9() ° _ln_l(, (figs. 4(.j)_lml 4(k))
( ()Nl)( tiltiozl_ Of tlli_ tyl)_' i'll;Ill(' f<ir |h(, ('_lHdili()rl (_I' l)r(d)._ttdy t)(,('_tll_t, (>f the _h_)rt(,r [,ll'e_'tiv(, ('h,ll'd ill file
the ;lir,_hi I) lit 9() ° y;iw illdi(';ll(, itl;li, if th(, ihtw _)v(,l' (lil'(,('tioN ()i' ttt_, [l<_w. Thi_ (d)_('v',;lii_)n i_ ;ll._) _l ('h(,_.i-:

the model were trlllv i)_ttenfild, t]i(' _tttr_l('ti()rl (if the (>ll the _lH,tll_,r t)()-_itiv(, f()r(_e m(,ll_ur(,d lit thi_ _lll_l(,.

Ill(' _l_suiHl)lmn (d l)()l('Hii_ll fl()w ()v(,r tile ell[ill('] Is,,,.r:,(,,,(>rthe l_(,(iv :lr_, :l I_lu('ti()H _f the (Iv_l:liHi(' pl'_,_-

_'lll llll(I the llctu;ll th)w ()v('r lh(' hull. "['big (li_plll'iiy

with lh(' lile()r('ti('lll ('()llditi_H i_, _'_u_('d by Ill(' br(';ll.:-
liWliV (if till' tl(Iw I'rliili t}l/' Slll'fil('(' of the iilodel liv(u" the

relir (if the .-.4(,('ti(lliS owili 7 1() tlle hisses in the b(ililidilr't

l_i)'ei'. The liir II()w will li()l I'_tll()w lh(, hull bill ._(,l)li -

I'ill(,s flil'llliii< 7 li (tl,iill-ilii' i'(,7'i()ii ()t' lie_itive l)l'(,_,_llre

boliind the ]ll()(l(,l. "rile ._iz(, lif tile delid-llir i'(,_ioli i_

dOl)(,il(tolil on lhe S|llilit, of lh(' _(,(,li()li_ liver whi(']l f;tl(,

llii' l)llss(,,_, |)(,iiig _ililille_l t'()l' itl[, li ° vliw ('()ll(tili_tli

(1i_'. 4(li]') ||lid hirgesl I'_tr lht, !Ill ° )'liw lit|Tie. ('_(,t,

_ililil,;(, itii'lur(,_, ti 7. 4(]) llii(I 4(k)iilill lh(' Will.Ce _lli'Ve.v_

1)oh|lid the lii(t(lel lit {t() ° ).iiw in fiT's. 2:1 liil(I '-)4.) At)l)r()xi-

liiille ('()liil)ul_lll.ion7 |lli_e(I ill| Ilows llvlu' the liir_tii I)

iil()(|(,| iii('lu(liii 7 _el)lirliti()n OVOl' lil_! l'i,itl" (if till' iil()dl']

revi,_lled lilU('|i ._iiiliih'l" ll('gliliw'-Iit't t'tt'('l'ts lii'i_ili 7

fro|i| l|io ('Olili'll('li()n fr|iiln wer(, l)i'(wi(tusly (,()iill)llled

t'i'_tlii lh(' 1)()ientilil thaw liiid ilidiclil(, thlit the ('iliitr_i(.-

tile +lit.rill.i, Ill tl,)<_iti<tn_ whl,r(, iht, Itlil+ill0 v('h)_'itv is

liigiit!,_t +_itl i'l':l('h Itil'ger vlilii(,s. Ill ltii+ i)iirli(.u]tli • _'+i+(,,

ili('i'('t'()l'( ', with Ii l)()+iti\-(, grlidi[uit, thlll is, ii v(,h)(,ii\ .
ili['i't'il<_iti7 ' _itli heiTtil ilt)Ovl' llw 7r(illiid t)()ill'(l, lh(,

l)i'e++lli't,._ l>li lll(' iil)i)t'r sid(, _lf till' ltii'slii I) liill(l('l will
I'('il('h higll_u + iiegtitiv<, viillleS lhilii lhli+e (in lira i(>+v_,i.

sllrftil.l, ||lilt l)l'()<lli('(, li t)_sitivt, lift. Trill] f+Olilt)Ulli-

lillil+ _wu'( + iiili(l(' li+sliziiili 7 ilVel'ilT(+ vi'i(t('iti(,s ()\er tit('

t(i]) lili({ t)otiliPii liti]f (if till' ilir+hi]) wtioil Ill 911 ° vliw;

ililegl'iili<iti _ll' lit(, [.(liill)llted i)i.eS+lil.(,s ov(u' Ill(, +llrfii<.(,

of lhe lii(llh,l _';l\l , +t l)O_itiw, ]iR ill' lilt' _il]ll(, +l'llSi, tilit

(if _li<,.,'htly 7'l("ilt,r liLiiT"tiilll(te thilli lhl' lilt'tlstirt,(I (tilt'.

The tii[qh(t(I wils, (if ('(illl'St_> lil)l)r<)xi]]liite ' irl+iSlilu('h il+

lh# vt,l(t('itv _,++iri(,+ (+oiitiliiiou._])" with ttie ti_,ight, ||till

il. w+l_ til-_) li!'<'('S'gll'.V t(i iiitike li++liilll)iilitiS tl+ ill tli_'

I>i'l'+_.iil'(' <li_ll'ililithlli <)v('r the ('.vliri(Iri('lil lli'l)fi](,. "rh(,

I.esull+ iii_li(.ill_ ,, h<_\,_.i,vl,i, ttilil lh(, 7rllllli(I 7rlidielil is

iiii ilill]_i.liirit ftll+l_li , <,(tiitributiti 7 t<) the lifthl,_ f(tr'('t,.

lion clt'(,('t ill|iV til, orlo of the less iiilt)(trllint _il" ill(, i ']'lit, l_il'_(, i,fl',,f'i (tf the v(,l(t(.iiy 7rlidi(,lli _lli tilt' lifl

('[]'('('ts ('_)nti'it)ulili 7 tit the rosiillliiil v(u'li_'lil ['(ll'('e. l'()r('e sug_'(,st_ It|Ill filrlhtu' l('_ls hi, liili(l(, with ()t]i(u'

The ._('l'()il(t :-',()lll'l'e ()[' Iifi is _ililili_r 1() till, tlrst ill illlil , vehil'ilv _i'ii(Ih,lil,_ lliilri Ill(' ()IIt, (Uiild(1)-(,(l ill ll_, l_i'[,s-

il i_ i'('hlicd t_) Ill(' ('lt'eci of llie 7i'_tilil(I I)lliil(_ llil ilil , elil ill\(,,_liT"iiti_lii. (ien(,l'li]iv lli(, l'l,Silli_ sli+_lll_l illdi-

II(tw. It ])lil'|i('ulllrly dl'l)('ll(l_ oil lh(, ('[]'c('t _d' the I'litt, gl'ellll,r f),,-_itiv(, lifts with higher vel(,l'iiv _'l'li(li(,iil_

_i'l)lliid t)(tili-(I on |he Jhiw over the h'(,wlird ]l()l'li(/ti_ of i lhliti lhlil (tf itl_, pre_elit illve_liTiiii(/n, liIilt ('(_ilVt,i'_(,l.v.

llll, liirshi I) lii'_ttil(,_ illi_l Oil lhl, l)oiril _!l' _el)_il'lilil)li (if All llii'_,l, fili'li_r._ 1() which Ill(, v(u'li<.lil 1'o1'(!1, hli._ t>(,eri

lht' Ihtw fi'_tili ill(' _ui'l'li('e. l>i'evi_tll_ lesls ll_|vl' sb_wii lillril)uled _lr_,iiiilliii_, ('_llill'_l('li(iri, illi.'_.Vliilii(,lri(.lil

lh(, lt(lilll (tf s(,i)lirlilil)lt i() t)l, vl'i'v _('llsitiv(, I() illlV lyl)(, wlllcl' r('._ll'liiiil ;iil_l _l'l)llli(] <,rlillilu v irv _viih lli('
, u" <

of iilllu'ferl!ll('l, ('l]'l'l'l_ lili_l ._l'VtU'lil _ilibie Ivlle_ (if II()w li(u,,]ll, ,iil(t lli_' In('ii_ilr(,d hl'l I'oi'('(, did _ti(iw II _li_lll
lll'l" I)O._sible, d('l)(,n(liii<...," iii)()11 lh(, i)lirli(uililr ._('I. i)f ex|t,l'-, ('hilll,,( i _vitli lilt' lil<_de] h('ighl ill ilw l'_iilgt, i)f <|hi'

lili] inl(,rfel'l,n('(! ('(lil(tili_)il._. Tho (,/t'e('l of Ill(, ull_ylll-ile_ls , li()',vi,\_u', l li(,i.i _ \,,(u'(, ii(t ('riti('lil l)oilit_ Ill _vtii_.h

lil(,tl'i_'li] lesli'llilll is lit l'_ttliie lht, lhtw iii fl'(int _lf lh(, ('ilh(,l' _ll<lll(,ri (.luiri_'_ [tl' r(,vtu'slils of f()i'('(,_ e×i_l('(I.
|lilt(tel ufiwlii'd ||lid 1() iil(lu('e ;I l)_)_il:iv(, |irish' I)f liltil('l,;! Extriipolation of results. -The rl,SllllS sti_t_viliff il

i_l lll(, fhiw liver ltl(, liio(h,l. Till, II(_w _lv(,r lb(' b_lti()iii f)_l_iliv(, lifi (l_l i]i(, ill_)(h,l |ill'sill I) Ill'(, llf l)lli'li(.tihir

<if tile llii'_hii) tht'l'('forl, t(ul(t-_ t(t r_)llt)w flirlhtu, lihlil_

lh(, ('il'_Ulriif(,r(,ll<'l, llf it|(, lii<)del t)t,flti'e _el)_ii'lili<)ii ihlili

lh(, tll)w livl_l • ih(, i()ll side, llti<l |lit, (t(,lid-wil]ce l'egi(tti _tf

ii(,_'lilive i)i'(,_lir(, (ill iht' ]('t,\vlii'(I sid(, (if tht, lii(id(,I i._

i'_lillll,(i ut)wilr(l , r(,_ultin 7 ill Ii tl_iiiv(' liRhlg fol'('<".

llidi<'liti_ul_ _tf ili('_(' ett'('('ls lii'(' _li(twii llv ilie _iii()i,;e

I)i('liir('._. "rh(, Ih_w ttv(,r tli(, iilo(l(,l ill lili° )'liw (liLilXi-

iiililil-lifl |lilT"l(,) i._ _lll>_,ii ill [iTUi'(, .t(_) _iiid it iii_iy lie

tlt)_('rvt'(I thlil till' (lt'lilt-liil' I't,7i()rl i_ _hift('d III)Wiird _ili(I

thlil the Ihtw t'()ll()w_ liiu('h flli'litei' ill'llulid lhe ]tt',ver

hlilf (>t" ih(' iii()(l('l ihlili ()v_u' lhe iillll(,l' hlilf. '|'lii_ _lri-

_Uiilil(,li'i_'li] i)lill(,i'ii ill llie wltl,_e is iti,_l) _il(iwil iri fiTUl'e_

4((,) |ill(1 4(i). The Ul)fl_t_v ill frlliil _)1' lll(, ili()(l(,l l'()r

|lie :/() ° yllw ('_in(liii(tn is :_li(tvl-li ill fi_'lii'(, 4(('), llrid t'_)r

the !tl) ° yll_v ('ltiiditiltli ill li_'ul'_'s 4(i) liIId 4(k). The
I

('ft'l'('i (tf 1-tl(, 7i'(tliii(I |)oilrd Oli lll(' I)i'e;ik:iwiiv lifll)0_il'...4 ' (,Xl)t,(,ied iri l)ii._,_ili_ ilii'_luTli

iliiert,sl iil rt,_itr_l l(> tile I)l>_sitli!iiy |if 1)rt,dil.iiil_ lli(,

liri ,d ill(, tll]l-._iT.(, ;iirshill. 'lii(, _,xlr;ill(>]illi()ii (if

|'(,suits l'i'ltill Ilia, iiio(l(,l 1(_ Ill(, flill-si/,(, ilirshill is ](,zlTl]i _'

ilili_iilu('h |is till, l((Lvn(i]ds Nlliiitl(u'_ t'()r the full-_l'llh,

ilii'_lii 1) Ill _itl<l v_,l(>(.iti(,_ (if '..)(I iiii]e_ lltU • ]lour lii'o

:it)oul _,i_'lli liriie:_ llie lil_ixiliiliiil v_ihle t(ir lii(' l('sl_ ill

lht, t'uli-_l'lil_, {ill|Ill,|. :% dh'e_'l exli'ill)_lllili(lll I)v Ci)ll-

lillulili()il ()1' lli_. <'!ll'Vt,s (if lii(l(l('l r'esulis Ill the l{(,Tvll(dds

.\'Ulilt)(u's (d' Ill(, t'lil]-siT.(, llil•_hil ) is lil)t t)elil,v(,d jlisli-

Iie_l (,l' s_ili<_tli_'illi'_ ', irili_liili(.li |is tht, exteri_i()ri ()1' il

('ill'v(, t()_'i,_"lli I]III1'_ ii._ (tr'iTililil ]eriTth _vili, ii(_ dolitlt,
l('li,i 1,, _,l'l'_)li(,_lll-_ ?_ll('lli_ioli_.

A lllltl'(' slili-_i'ii('lllrv ili(,tho(t i_ l_l ('()ii_i(lei' lli(' fh_-_

lib()lll |Ill' It,,,tv f'llr |he lw(I ('llTt's _lf ili(l(lel llild filli s_'lll(,

l i,, s,,t, ir _lllV <'t+ili<.llt t'li,_ill(Tt,_ ill I]1(' fl_w lit'(' lit t)t _

ill(' _(>lih, l'illi_t, l(i tit,
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('xtral)<)lnte(I. It has beeH previously mentioned tlmt

at hu'ge _xngles ()f 3row h)ngitudirml se('ti.n_ of (he t_ir-

ship be<,.m(, ellil)ti('_tl un(I, tit 90 °, t)e<'<,u(, ('ireuhlr.

Tw() stnl)le types of Ih)w ()ver a ('ylir,ter tit right ut)gles

(() tit(, tlow muy ()('('ur, (h,p(quling upon t h(, I((Lvn()hls

Number. l:or l((,ynol(Is Numl)(,rs helow the eriti(ml

(40(),()00 t() 500,000 tmsed on cy]in(hw di_mwter) the

flow is <,lmru('t('rized t)v an (mrly Sel)tlrati()n <)n the

rear ()f the <'ylin(hw, the t)reak_twto' oe(mrring sli+zhtly

before the It(tint of mt_ximum wi(Ith (fig. 2.5(u)). For

t((,ynohls Ntm)b(,rs ab<)ve lh(' <'riti(ml the t).umhu'y

htver l)e('<)me: tttrl)uh,nt +tnd tlt(, l)r(,ul<tnvuy (w('tu's
l'tlrther l)a('k tt]Ol+)g the (.ir('Ulltferen('e (fig. '25(b)).

QtHte mttrl<ed (till'('rene('s w<)uhl th(,refm'(, t)e eXl)(,<'t(,(I

in the flow over tit(, uirshi l) +tn(I in t h(, f<)r('('u ()n tit(,

mo(M in lmssing through this /¢(o'n<)hls Numt)er

range. In the l)resent m()(h,l tests the l((Lvnohls Num-
l)er was al)<)v(, (Ira ('ritie+_[ f<)r +)II but a few of tlt(,

snmll(,:t s(,('lions rl<'ttFthe bow trod stel'll of tlt(' Jn()(lel.

'['t,_(s have be('n made in oth(,r wiml tttntwl_ of

('ylin<h,rs +Mj+w(,nt t<) gr'()ttnd boar<l,,< (refer(,n(.(,s I and

2) but, (vwing (o th(, fa+'t that till of tlt(+ r(,su](s w(,re

ot)tain('d (']()se to Ill(, ('riti('ttl I((,yn()hts Numbers, they
sh()w different results from the full-s('+tl(,-tunm,] <tutti.

()nee the critical r+tng(, Ires been l)+_:,,<(,(l, (he flow in

cvlin<ler t(,sts has sh<)wtl n<) Jmlrke(l ('Iron ,(,swith lit('

l+,eynohl+ Nun+l)('r, and it ix b<,lieve(l thttt th(' lh)xv

()ver the full-,qze +tir+hil) will I)(, ,<¢(,m,r+tlly _imihtr (<)
that ()v(,r (he m<)d(,l tit t(,stt,d in the l'idl-+('+th, tunn(,l.

It: nt+LV I)(, l'urlher l)()int('<l out that: th(' l,wtion of the
lift <'+tttse(t t)y lh(' gr()ttlt(] gradient sh(mhl scale ahn()st

(lir(,('(ly to the larF(w l{eyn()l<ls Nttmt)(,rs. It ix t)eliev('(l

thut the lift curve Ctig. St, which stt()w st <hwreasing lift

with inermlsing l(eyn<)hls Nmnber, will tend 1()lhtlh,n

out +tl the very high l¢<'y,<)hls Numl)<,rs +l)ul show tl

lll()l'P lleUl'ly ('OllSlttlll V+IIlI('.

If (he Jll(,a,_tlred lifl ('.(,[[i<'i(,n(+ (m (h(' m<.M air+hip

,t the highest l_.(,yn<)l(ls Numl)(,rs t(,s((,<l in tlt(, tunn(,l
are s(mI(,(i dir(,('tly t<) tit(, case of th(, full-size +firship,

the r<,sultunt v('rti('+tl for('es tit'(, of rttl.gp nmgnittt<h, for

ttl)l)re('iabh, angh,s of vttw ttn(l moderate wind velo('i-

ties. F(w extmH)]e, the lift on +in +tirshi]) of t h(, size ()f

the A]:r,, +_t 3() ° yt_xv in tt 2(I-ruih'-per-hot_r wind v<%( +-

it..,+' +vlwn its <'(,n((,r lint, is about +)5 feet, =,l).ve the

ground ix 17,St)() l><)uml,'<; for +tvtiw ttll_]O (')f (_()o ttIl(l tlt(,

stone wind veh)('ity, tit(' lift would retwh a nu,×imtttn

<)f lil)<)ut '25,fi[)0 l)ound+. The ]((,ynol(Is Nlunt)(w of

this (yl)i<'tll etl+_e is +lt)<)tt( (,i+zlli tintes the highest value
r(,ti('hed in the (uiliM tests. The 95-f<i()t h(,igllt in full

,'.+('ah'<_orr('sl)()n<l+_ t<) tlt(, +-)+_,+inch test hei_'ht with t,h(,
model.

L0ngitudinal force. The large n(,gutiv(' hmgi(tt(lina]

for'('e (with rel'(,r(,n('(, 1<) body +txi._) nt. 90 ° ynw is ()f

interest und tony t)e a('('()tmtt,d for t)y lilt' _msymm(,t-
ric,iI fl<)w <)v(,)' the 1)o+v and _t(,rn of ill(, ttirshil). The

IIow over tit(, })<)w l)r()dtwe: +t negative l)re:_,ltre l'egi(m

()vel' ttlln<)._t it_ entire area, whet'(,+ls the flow over tit(,

stern ix <listrilmted l)y tlt(, t+lil :ttrl':t<'(,s aml tlt(' st+rite

l)r(,ssttre ix positive on the win<hv:trd st<h, ttml n(,_tttiv(,

on the h,(,,.v+trd (figs. 4(k) and 4(i)). The result ix a

h)ngitltditml for('(, in the (lir'(,('ti<)n of (he nose. ()n the
l)nz'e ]trill with(till tail Sul'l'ac'('s tit(' larF(' m,_'ativ(, v+tltw

would not I)(, eXl)(,('t(,(].

Comparison with drags measured in 20-foot tunnel. -
Th(, m()d(,l ((,s((,(l it) tlt(, fttll-s(.:th, tunn(,l _M.ia<'('nt to tlt(+

g)'otm(l l)(m)'(l had l)r('vi<)tt_ly l)<,(,n (('_(('(l in tilt,
N. A. ('. A. 2()-f()()t lHnt+(,l ht the ('(,nt(,r <)f (h(' fr(,(,

st)'(,_ml (r(,f(,r(,m'<, 4). Th(' minirttttm (lt'_tg ('()(,lli('i(,nt ()f

().()24 obtain(,d fr<)m (h(,s(, ((,sls twO" It(, COml)ar(,(l with

th(' ()o y_t_vvaht(' fr()nt th(, ['ttll-_<._th,-tltn)wl t('_t_. Th('

" 5cpo: _//0:'_

(:1) l+']ov, f<ir _(>VTIi) + : Niiilthpr lwh)v, lh(, +.riti(.tl.

\

(b) l+'lo'f+ for _ '\ t <l ( S NIIII)))I'I" ;lh()\p th(' l'rlli(':ll

I"I_;I III+; 25 ],']()'e, +)x(_r vifc,ul:ir (,:,li)id(') ¸', ,,ll<_x_i)l_' :_(,l):)r;lli()t1.

e()t))l)at'i:())t in<li<'u((,+ (It(' tmLL,'nitt,l(' ()I' int(,rl'(,r(,n<'e

(,ii'(,('1 ()n (h(' <lt'ttg ()wing (() the +..c)'()ttt)<lI)()+))'(I +_t)(l tlt('

_r()im<l _ru(lh,n(. l)t th(, ('()ml)+)ri.'+()n, <.())l:i(h, rnthm

must I)(' given to th(' fact that <.o(,Hi<.i(,)its l'()r the full-
s('_tl(,-t unn(q tests wer(, not |)as(,(l ()n th(, av(,rttg(, v(,h)('itv
ov(q' th(' model 1)ut <)n th(, v(,h)('itv at 5 ['(,et al)ov(, the

l)()ard. If th(' ()'it(' av('rag(' (lyrmmi(' l)r('ssttr( ' ()ver th(,

n)<)d(,l ix tt,'q'(l, (h(' <It'ttg ('<)(,IIi('i(,nl for lh(, l')d]-s<'_)h '-

(ttnn(,] test,'-+ tit ()° yaw l)(,('<)m(,,,<().():_!), i)t(li('a(ing tlm(

the inh,rf(,r(,n('(, in('r(,_t_(,d (It(, (h'_tg t_l)l)r()xim_(('ly (;()

l)(,re(,nt ttbov(, the 20-f()ot-(tmn(,l v_tht(,. Al)l)r()xi)na(('

(,<)ml)utations for the .()I)° angl(, ()f yuw, (,onsi(h, rin_ th(,

airshi I) (<) ('()nsi:t ()f :l series ()f ('ylin(h,r._ un(l (It(, t_)il

.,<IH'fa('(,:to I)(' flat l)]at('s, _v(' _t fr('('-_lir drag ('()('Ili('i('n(
of I.+27. This v_lllt(, "+vns('()ml)ar(,d with th(, meastH'(,d

(h'ug <.()(,IIM(,nt t_t 90 ° yw+v <'()rr(,('t(,d t() the _t('tua[

dymtmi(' l)r(,s,,+m'(, ()v(,r the model, _t)t(l th(' i)tt(,)'f(,r(,)t<'(,

of th(' grotmd plan(' and gra(li(,nt ())t th(' (1)'t)_ was _t_tin
sh<)wn t() I>(, hl th(' ()r(h,r ()f (;() (() 70 l)(,)'v(,nt. Th(,

in('r(,_)s(, in <It':iV m_O" I)(' :ttlril)ttt('d htrvely t() th(' dis-
tttrl+)(,d w_tl,:(, ()f (It(, Jn()d(,l.
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Reversal of pitching moment. The revcl'sal of the

sign of the pitching m(mwnts in tile yaw-angle range

between 30 ° and 60 ° is l)rot)al>ly caused t)y the cha)lging

force on the horizontal tail sm'fiwes. The large negative

moment: at 30 ° is c_msed I)y , blr_e positive lift on the

horizontal t,fil surf'wes, inasmuch as the smoke pictures

in figure 4(c) show lhe average flow in the tail vicinity

to be inclined Ul)ward. At the 3() ° angle the [h)w over

(he windward horizont_d sur['a('e is not yet s]fiehle(l by
the vertical surfaces, the tdanl_etin,: awtion being

counter.'_cted by the tendency ()f the flow to folh)w

along the hull _md reduce the effective angle of yaw.

Figures 4(el 'rod 4(el show this effect clearly. At the

60 ° angle, however, the vertical surf'lces efl'ectively
shiehl the How over the entire horizont,l surfaces and

the are_ls become imwtive (fig. 4(h)). The hull pres-

Slll'es lll'e_ nlOl'(_ov(H ', in the COlT('('[. direction to crente

_ positive moment, as is observed iu figure 4(f), which

indicates that the [low between the airship and the

ground phme is toward the stern, in all I)rob_bility

there is a low-pn,ssure region under the sl(,rn and 'l down

force at (he tail. F()r the:C0 °angleit may l)e observed

that the smoke streamers passing t)etween the I)o:lr(]
a.nd the airship are turned toward the bow.

Effect of yaw angle on yawing moment. The

me_/sured yawing moments were small in the range of

yaw angles between 0 ° and 60 ° bl,t changed to large

negative v'dues at 150 ° {figs. 19 _nd :2[)).

The small y:lwing moments in the yaw-_lngle rnnge

be(ween 0 ° aml 6() ° _we explained s.mewtm( bv the

smoke piclure 4(e), which shows (hal the _lir is turned

by (he hull .iml flows .ihmg (he h,dl in (he reghm o[' the

tail. The eft'eel|re angle of all_)ck of (he fin, aml

(herefm'e the fin lift, is lhus reduced. For the 15() °

yaw angle, however, the fin is ahead of the hull and

operates in un air stre_m_ free of in(er['erence. The
effectiveness of the fin wheu f()rwar(I of the hull is

shown in figure 4(]) where the large 1)en(ling of the

smoke s(ream(,rs owing t() the (h)wnwash from (lw

fin is readily .U)l).lrent. These i'(,stllls VOI'ify [)revi()llS

exl)eriment_ll inform_ltion sh()wi)_ the effe<'tiveness ()f
bow elevators.

CONCLUSIONS

1. ('hanges in lhe angle of yaw of the airshil) gre_ltly

aft'eel the ground-handling forces whereas, in the r'mge

of l{evn()hls Xulnbers t)etweeil 5,000,000 and 19,000,00()

(Reymd(Is Numbers b_lsed on model length), sm_lll

changes in height, I)itch, or roll of the airship ]rove a
negli_il)le ('ff('ct.

'2. In the s..l_' range investigated the groun(l-han-

dling fi,rc(,s :,re not imporlantly .dl'ected by <'lmnges in

t_eynohls Numbers.
3. Tlm <'_trves of the model results shouhl not be

extral)ola(od _() the Reynohls Numbers of the full-size

airship hul IIIII,V })e used with some relitd)ilit, y directly
from th(, m(,.sm'(,d v.dues nt the highest Reynolds
Numbers.

4. "Fh(, :)l)l)li,._(ion ()f the measm'ed results to the

full-size :dvshi I) shows very l'_rg'e handling forces for
_l)I)re('i'd>le _)))/l('s of y'_w and n_o(ter._te wind velo('itics.

I#AN(;I.E'_ .'_] EM()I{IAI, AEI(()NAUTI(TAL ]_ABOHATOHY)

NATI()NAI: AI)VISORY (_OMMITTFE FOR AERONAUTI(','_)
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Positive directions of axes and angles (forces and moments) are shown by arrows

Axis

Designation Sym-
bol

Longitudinal_ _ _ X
Lateral ........ Y
Normal ........ Z

Force

(parallel
to axis)
symbol

X "

Y
Z

Moment about axis

Designation

Roiling .....
Pitching ....
Yawing .....

Sym- Positive
bol direction

L Y-----+Z
M Z----*X
N X-----* Y

Angle

Designa- Sym-
tion bol

Roll ......
Pitch .... e
Yaw .....

Velocities

Linear t
i (tempo- --
: nent along Angmar

axis)

u p
q
P

r

Absolute coefficients of moment
L M

C, _ qbS C_ - q-_

(rolling) (pitching)

N
C,, " qbS

(yawing)

Angle of set
position), $.

of control surface (relative to neutral
(Indicate surface by proper subscript.}

4,. PROPELLER SYMBOLS

D_

P,
T/D,
V',
V.,

T,

Q,

Diameter

Geometric pitch
Pitch ratio

Inflow velocity
Slipstream velocity

T
Thrust, absolute coefficient Cr "

absolute coefficient Go-_Torque,
pn'/J"

P,

C,,

P
Power, absolute coefficient Cp _- pn-VD6

• - 5 _V+
Speed-power coefficmnt _/_--_

Efficiency
Revolutions per second, r.p.s.

Effective helix angle = tan-' (_)

5. NUMERICAL RELATIONS

1 hp. = 76.04 kg-m/s = 550 ft-lb./sec.
1 metric horsepower-- 1.0132 hp.
1 m.p.h. = 0.4470 m.p.s.
1 m.p.s. = 2.2369 m.p.h

1 lb. = 0.4536 kg.
1 kg = 2.2046 lb.
1 mi.= 1,609.35 m=5,280 ft.
1 m _-3.2808 ft.




